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To understand the fuelling process in a fusion device by 
injection of a spheromak-like compact toroid (SCT), we have 
carried out MHD numerical simulations where the SCT is 
injected into a magnetized target plasma region corresponding to 
a fusion device1,2,3l. In a previous study, we proposed a theoretical 
model to determine the penetration depth of the scr into the 
target region on the basis of simulation results; in that study the 
SCT is decelerated not only by the magnetic pressure force but 
also by the magnetic tension force. However, since both ends of 
the target magnetic field are fixed on the boundary wall in the 
simulation, the deceleration caused by the magnetic tension force 
would be overestimated. In the present study, the dependence of 
the boundary condition of the target magnetic field on the SCT 
penetration process is examined. The target region is given by 
torus domain with coordinates (R, 8, Z). On the basis of these 
results, the theoretical model previously proposed (we call it the 
non-slipping sphere (NS) model) is improved to include the effect 
that the fluctuations of the target magnetic field propagate with 
the Alfven velocity?J. 
The improved NS model is given as follows: 
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where F is the force for the SCT acceleration in the gun region, 
and the second and third term on the right hand side are the 
deceleration terms by the magnetic pressure force and the 
magnetic tension force, respectively, Each force is averaged over 
the scr volume. X is taken as the penetration direction, Lp is the 
penetration depth and Lscr is the half-size of the SCT. LA is the 
Alfven transit length, where t0 is the time when the information of 
the bending of the target magnetic field begins to propagate along 
the target magnetic field 
Figure I shows the time evolution of SCT penetration depths 
in cases with a = 0, a = I.6 and a= 4.8 in the simulation and in 
the improved NS model. a is constant to determine the strength 
of the toroidal magnetic field; Btor = aiR (8 ~ R ~ 16). It can 
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be seen that the penetration depths in these cases coincide well 
with those estimated from the NS model. Figure 2 shows the 
propagation angle of such fluctuations in these cases and in the 
NS model. The propagation angle in the simulation is determined 
by the fluctuation of the R component of the target magnetic field 
near R = I6Lr. That in the NS model is given LAII6Lr. The SCT is 
injected from 8 = 90. The propagation angle is shown only in the 
direction of 8 ~ 90. From the figure, it can be seen that 
fluctuations in these cases propagate with the Alfven velocity, 
which coincides with the estimation of the NS model. On the 
basis of these results it is confirmed that the improved theoretical 
model can be used to estimate the penetration depth of the SCT 
under the side injection as well as the top/bottom injection3l. 
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Fig. I: Time evolution of penetration depths in simulation and the 
NS model. 
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Fig. 2: Propagation angle of fluctuations in simulation and those 
estimated from the NS model. 
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